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Histochemical and Biochemical Analyses of P lan t  Tissues 
Robert S. H a l l i w e l l ,  P ro j ec t  Leader 

A c e r t i f i c a t e  of s a t i s f a c t o r y  completion of t h i s  cont rac t  
issued by the  t echn ica l  monitor, D r .  Charles H. Walkinshaw is  appended. 

This r e p o r t  summarizes t h e  work ca r r i ed  out by t h e  cont rac tor  
and lists the  experiments of which t h e  r a w  d a t a  was  submitted t o  the  
t echn ica l  monitor. Resul t s  and conclusions can not be drawn by t h e  
cont rac tor  as t h e  specimens analyzed were only i d e n t i f i e d  by number, t h e  
treatments were not icnown. 
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REPLY TO 
OF: DC52-L152-71 

NATIONAL AERONAUTICS A N D  SPACE ADMINISTRATION 
MANNED SPACECRAFT CENTER 

HOUSTON, TEXAS 77058 

R. S. Halliwell, Ph. D. 
Department of P lan t  Sciences 
Texas A&M Uni versi ty  
College Stat ion,  TX 77843 

Dear Doctor Hal liwell : 

This is t o  ce r t i fy  t h a t  I am i n  receipt of a l l  of the necessary rough 
notes, experimental resu l t s ,  histological specimens, and photographs 
required by the terms of the NASA Contract, NAS9-11642. A l l  materials 
received have been sat isfactory.  Your performance on this contract is  
t o  be commended. 

Your f ina l  report, which is due December 1, 1971, should summarize the 
h i g h l i g h t s  of progress under the terms of the contract. All publica- 
t ions prepared by  my s t a f f  us ing  any of the data generated by this con- 
tract w i  11 acknowledge by authorship or footnotes the contributions 
made by you and your s t a f f  t o  the successful follow-on t e s t s  from the 
Apollo 14 pos t - f l i gh t  quarantine of lunar material. 

Sincerely, 

Charles H. Walkinshaw, Ph.  D. 
Technical Monitor, NAS9-11642 
Preventive Medi cine Division 



Analyses Performed on Apollo-14 Exposed Tissue Cultures 

Samples cons is ted  of cel l  homogenates prepared from a number of 
t i s s u e  c u l t u r e s  employed i n  t h e  Apollo 1 4  quarantine.  
grown without treatment and wi th  treatment by incorporation of measured 
q u a n t i t i e s  of lunar  f i n e s  or  f i n e l y  divided terrestrial  b a s a l t  i n t o  t h e  
agar medium. P lan t  t i s s u e s  employed i n  t h e  experiment included, longleaf 
pine,  tobacco, soybean, r ice,  c a r r o t ,  sunflower, okra,  l e t t u c e ,  and spurge. 
A l l  t i s s u e s ,  a t o t a l  of 95 samples, were subjected t o  t h e  following analyses:  

Cultures had been 

1. Tota l  nitrogen- Samples w e r e  d iges ted  by t h e  k j e ldah l  method 
and quan t i t a t ed  by t h e  phenol-hypochlorite co lor  r eac t ion .  

2. Tota l  phoshorus- Samples were d iges ted  with H SO hydrogen 
peroxide and quan t i t a t ed  by t h e  Fiske-Subbarow method. 2 4  

3. Protein- a ) .  Soluble p ro te in  w a s  separated from c e l l u l a r  
p a r t i c l e s  by cen t r i fuga t ion  and then p rec ip i t a t ed  with 
t r i c h l o r o a c e t i c  ac id .  b ) .  Tota l  p ro t e in  w a s  separated from 
s m a l l  molecules by methanol e x t r a c t i o n  and then dissolved 
i n  sodium hydroxide (1 N ) .  

Quant i ta t ion  of so lub le  and t o t a l  p ro t e in  w a s  by t h e  Lowry method. 
- /  

4. Soluble phenolics- Samples were ex t rac ted  with methanol. Tota l  
phenolics i n  t h e  methanol e x t r a c t s  were quant i ta ted  by t h e  Fol in  
phenol method. Comparison w a s  wi th  a r e so rc ino l  standard.  

5. Nucleic Acids- 

Analysis was  by : 
a) .  

Samples were ex t rac ted  by t h e  hot  N a C l  method. 
- 

Absorbance r a t i o s  280/260 of Warburg and Chr i s t i an  f o r  
es t imat ion  of t o t a l  nuc le i c  ac ids .  

The Diphenylamine method f o r  es t imat ion  of DNA 
b).  The Orcinol method f o r  es t imat ion  of RNA * 
c ) .  

6 .  Tota l  non-specific ac id  phosphatase- Tota l  cel l  homogenates 
w e r e  assayed f o r  enzyme a c t i v i t y  by incubation wi th  
phosphate a t  pH 5.0 i n  t h e  presence of Tr i ton  X-100. 

-Glycero- 

I n  add i t ion  t o  t h e  analyses l i s t e d  above se l ec t ed  sets of t i s s u e s  
were subjected t o  add i t iona l  ana lyses :  

1. A set of 15 a d d i t i o n a l  p ine  c u l t u r e  homogenates w a s  analyzed 
i n  t h e  same manner as t h e  o r i g i n a l  samples.  
had been prepared i n  d i s t i l l e d  water r a t h e r  than i n  sucrose- 
T r i s  bu f fe r  as w a s  t h e  case f o r  a l l  o ther  t i s s u e s .  These 
samples w e r e  analyzed, i n  add i t ion ,  f o r  t o t a l  so luble  
carbohydrate. 

These homogenates 



2. Three sets of t i s s u e s ,  l e t t u c e ,  longleaf pine,  and tobacco, 
(30 samples of t h e  o r i g i n a l  95) were s e r i a l l y  ex t rac ted  with:  

a). Hot 70% ethanol.  
Spacecraft  Center t o  be used f o r  Amino ac id  ana lys i s .  

b). Perchlor ic  ac id  (26%) a t  room temperature. These e x t r a c t s  
were used t o  es t imate  s t a r c h  content of t h e  samples  by t h e  
Anthrone reac t ion .  

c ) .  NaOH (1N). Tota l  p ro t e in  i n  these  extracts w a s  estimated 
by t h e  Lowry method. 

These e x t r a c t s  w e r e  sen t  t o  t h e  Manned 

3. Separate samples  from a l l  of t h e  above sets of t i s s u e s  w e r e  
ex t rac ted  wi th  cold 5% Tr ich loroace t ic  ac id .  These e x t r a c t s  
were sent to t h e  Manned Spacecraft  Center f o r  measurement of 
ATP. 

Hi s to log ica l  S tudies :  

Tissue specimens were .embedded i n  Epoxy r e s i n  and; 
1. Sectioned, s ta ined  wi th  p r e f e r e n t i a l  s t a i n s ,  examined wi th  a 

l i g h t  microscope, photomicrographs of t h e  t i s s u e  sec t ions  
w e r e  taken and submitted t o  t h e  t echn ica l  monitor. 

2. Additional embedded specimens were given t o  t h e  t echn ica l  monitor 
f o r  e l e c t r o n  microscopy s tud ie s .  

Respi ra t ion  S tudies  : 

Respiration s t u d i e s  were completed on t h e  following p l an t  specimens 
each including lunar  challenged and appropr ia te  cont ro ls .  

jpr 

1. Plan t  Tissue included- Carrot,  soybean, l e t t u c e ,  sunflower, 
p ine ,  r ice,  co t ton ,  corn, okra,  tobacco, and Euphoria. 

2. Cultured p l an t  c e l l s  included p ine  and tobacco. 



, 
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Purchases Totaling Over $100.00 

1. *Glassware for Gilson Respirometer 
(Gilson Medical Electronics) . 

2. *Cell Holder-accessory for Beckman Spectrometer 
(Beckman Co,) 

3. *Pipets (micro) 
(Br inkmann Ins t . Co . ) 

4. Rotary Shakers (2 ea. @ $269.00) 
(New Brunswick Scientific) 

5 .  *Centrifuge Tubes 
(A. H. Thoma’s Co.) 

6. *Film and Prepaid Mailers 
(So. West Photo Co.) 

7. *Glassware and Chemicals 
(TAMU Biochemistry Supply) 

$334.00 

$174.25 

$199 50 

$533.00 

$154.00 

$145.00 

$140.26 

It is requested at .this time that the non-expendable item N o .  4 -- 
(Rotary Shaker) be retained by the contractor until the termination of NASA 
contract NAS 9-12050. 

*Expendable 


